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ABSTRACT
Background: A prospective observational study was
conducted to test the hypothesis that relative deprivation
was associated with incident physical or cognitive
disability, independent of absolute income.
Methods: Study subjects consist of 9463 non-disabled
people aged 65+ years in the Aichi Gerontological
Evaluation Study (AGES), Aichi prefecture, Japan.
Baseline mail-in survey in 2003 gathered information on
income, educational attainment, lifestyle factors (smok-
ing, alcohol consumption and health check-up) and
healthcare utilisation. Three-year incidence of disability
was assessed through public long-term care insurance
databases and resident registry.
Results: A total of 7673 subjects (81%) with complete
information were analysed. Our measure of relative
deprivation was the Yitzhaki index across eight reference
groups, which calculates the deprivation suffered by each
individual as a function of the aggregate income shortfall
for each person relative to everyone else with higher
incomes in that person’s reference group. Cox regression
demonstrated that, after controlling for sociodemographic
factors (including absolute income), the hazard ratio (and
95% confidence intervals) of incident physical/cognitive
disability per one standard deviation increase in relative
deprivation ranged from 1.13 (0.99 to 1.29) to 1.15 (1.01
to 1.31) in men and from 1.11 (0.94 to 1.31) to 1.18 (1.00
to 1.39) in women, depending on the definition of the
reference group. Additional adjustment for lifestyle factors
attenuated the hazard ratios to statistical non-signifi-
cance.
Conclusion: Relative deprivation may be a mechanism
underlying the link between income inequality and
disability in older age, at least among men. Lifestyle
factors in part explain the association between relative
deprivation and incident disability.
Population ageing in developed countries has
spurred political concerns about future impacts of
disability on health services utilisation, and many
countries have drafted public health measures to
address long-term care (LTC) prevention.
1 For
example, Japan established public LTC insurance
in 2000, which places strong emphasis on indivi-
dual behavioural changes.
23 To improve the
performance of LTC prevention policies, it is also
critical to understand and address the social
determinants of LTC need such as income, educa-
tion
4 and income inequality.
56
Although still controversial, the association
between income inequality and health has been
examined in a wide range of countries and
settings.
56 Two distinct hypotheses have been
proposed through which income inequality is
believed to affect health at the individual level.
First, the absolute income hypothesis posits that
an unequal society creates more people in poverty
who suffer poor health due to material insuffi-
ciency.
4 Second, the relative deprivation hypothesis
posits that the degree of income inequality in
society will heighten an individual’s sense of
relative deprivation, resulting in frustration,
shame, stress and maladaptive coping responses
(such as smoking).
78The theory of social compar-
ison underlies this hypothesis.
9 Empirical support
for this hypothesis has been provided recently by
studies in the Nordic countries,
10 11 the United
States
12 13 and Japan,
14 although negative studies
have also been reported.
15–17 However, these studies
all used data in working-age populations, and
evidence among the elderly remains sparse.
In this study, we sought to provide a test of the
relationship between relative deprivation and the
future onset of functional disability among older
Japanese individuals.
METHODS
Study population
We used data from the Aichi Gerontological
Evaluation Study (AGES), a prospective long-
itudinal study aimed at clarifying the role of
contextual and psychosocial factors on the health
and longevity of older adults. We conducted a
baseline survey in November 2003 in a random
sample of functionally independent 59622 indi-
viduals aged 65 years or older residing in 15
municipalities from three prefectures in Japan.
The sample was restricted to those who were not
already receiving the public LTC insurance
benefit. Subjects were included only if they
reported no limitations in basic activities of daily
living including walking, bathing and toilet use.
18
The mail-in questionnaire also enquired about
sociodemographic and lifestyle factors, that is
age, gender, marital status, income, education,
smoking habits, alcohol consumption, having a
health check-up or not in the last few years and
health status including medical care utilisation. A
total of 32891 subjects returned the question-
naire. Baseline characteristics of the participants
have been reported elsewhere.
19 20 The AGES
protocol was approved by the ethics committee
in Research of Human Subjects at Nihon Fukushi
University.
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We followed the subjects in terms of the onset of physical or
cognitive disability by using the public LTC insurance database
maintained by each participating municipality. We determined
functional disability based on new registration in the public
LTC insurance data base, that is when a person newly qualified
for the insurance benefit.
21 The qualification was based on a
standardised multistep assessment of functional and cognitive
impairment including a physician’s standardised examination.
2
These criteria for determining the onset of disability have been
used in previous epidemiological studies and also form the basis
of health need assessment by Japanese local governments.
22 23
We also included mortality as an endpoint, certified by the local
registry. As of the end of October 2006, we linked the baseline
data of all 9463 participants living in the five participating
municipalities in Aichi prefecture to the LTC insurance
database. Of those, 7673 subjects (81%) provided complete
baseline key information. People who did not provide the
complete information were 26% more likely to be female, and
on average 2.2 years older than those who provided the
information. The LTC insurance data from the remaining 10
municipalities were not available for reasons such as delay in
data handling or clerical procedures in the municipalities.
Income and relative deprivation
The baseline survey asked about annual household pre-tax
income in 2002. The income question had 14 categories, and the
midpoints were set as household income in each category. The
incomes for people in the top-coded category were obtained by
Pareto estimation.
24 We adjusted household income for house-
hold size, dividing the income by the square root of the number
of people in that household.
Following the recently adopted method of Eibner and
colleagues,
12 13 relative deprivation was operationalised in the
present study using the Yitzhaki index,
25 which is itself based on
the theory of relative deprivation articulated earlier by
Runciman.
26 In brief, relative deprivation for each individual is
calculated as the aggregated shortfall in income between that
individual and everyone else with higher incomes in that
person’s reference group:
where the amount of relative deprivation for individual i is the
sum of the income gap between individuals i and j (yj – yi, where
j has higher income than i) divided by the total number of
people in the reference group (N). As we cannot know the
reference group for each individual (ie, to whom each person
compares him/herself), our approach is to fit alternative
definitions of reference groups: others living in the same
geographical area (five municipalities), others in the same age
group (65–74 or 75+ years old) or gender, others with the same
educational attainment (0–9 or 9+ years of education). We also
created reference groups defined by the combinations of these
variables. Each reference group ranged from 1307 to 5364
subjects when a single variable was used as the basis for social
comparison, and from 191 to 754 when three variables were
used.
Covariates
Other explanatory variables included age, gender, marital status
(married, widowed or divorced, never married), educational
attainment (less than 6 years, 6–9 years, 10–12 years or
13 years or longer) and medical care utilisation (no health
problems, minor health problems not currently needing medical
care, health problems needing but not currently receiving
medical care due to patient choice, or currently receiving
medical care). We also considered lifestyle factors including
smoking history (never, ever or current), alcohol consumption
(non-drinker; not drink everyday; drink 35 g of alcohol or less;
or drink more than 35 g every day) and receipt of health check-
up (had check-up in the last year, had it in the last 2 or 3 years,
had it 4 years ago or before, or never had it).
Statistical analysis
Cox proportional hazard models were used to calculate the
hazard ratio (HR) and 95% confidence intervals (CI) for
subsequent disability onset according to the level of relative
deprivation. Multivariate models were adjusted for absolute
income and other covariates. All models were stratified by
gender.
27 We also modelled relative deprivation further adjusted
for lifestyle factors in order to assess whether such factors
mediated the association between relative deprivation and the
onset of disability. To address potential multicollinearity
between relative deprivation and absolute income, we also
carried out analysis stratified by median absolute income. In our
primary analysis, both income and relative deprivation were
treated as continuous variables, and income was not equivalised
by household size because this approach minimised the
collinearity between the two variables. We subsequently
conducted a sensitivity analysis using alternative specifications
of both variables (ie, continuous and quartile). The utilisation of
equivalised rather than non-equivalised income as a covariate
did not materially alter the results or our conclusions. All
statistical analyses were performed using SAS statistical package
version 9.1 (SAS Institute Inc., Cary, NC, USA).
RESULTS
Over 11456 person–years of observation in men and 10216
person–years in women, we observed 191 and 286 subjects
newly registered in the LTC insurance database, as well as 313
and 146 deaths respectively (total 504 and 432). The incidence
rate (IR) of functional disability (ie, new registration in the LTC
insurance database and mortality) was 0.044 in men and 0.042
in women. Participants who were older, unmarried or had lower
educational attainment showed higher IRs. Lower income was
associated with higher IR among male participants, whereas the
association was unclear among women. The IR also differed by
lifestyle factors. Relative deprivation was positively associated
with the IR regardless of the reference groups selected for
calculating the Yitzhaki index. Among men, the IR ranged from
0.031 to 0.036 in the lowest quartile and from 0.061 to 0.064 in
the highest quartile; while among women, the range was from
0.043 to 0.049 in the lowest and from 0.049 to 0.053 in the
highest quartile (table 1).
Survival analysis in men indicated a statistically significant
association between higher relative deprivation and incident
disability across the models based on alternative reference
groups (table 2). The HRs for incident disability ranged from
1.19 to 1.26 per one standard deviation (SD) increase in relative
deprivation, depending on the definition of reference groups.
The HRs were attenuated but still statistically significant even
adjusting for absolute income, demographic factors and medical
care utilisation (Model 1), except for the area/gender/age model
(HR=1.13, 95% CI 0.99 to 1.29). The adjusted HRs ranged
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Japan, 2003–2006
Baseline characteristics
Men (4061 respondents)
Incidence rate
Women (3612 respondents)
Incidence rate N Incidence/person–year N Incidence/person–year
Age (years)
65–74 2900 234/8368 0.028 2464 157/7167 0.022
75+ 1161 270/3088 0.087 1148 275/3049 0.090
Marital status
Married 3660 420/10371 0.040 2205 182/6357 0.029
Divorced/separated 335 69/908 0.076 1267 228/3469 0.066
Never married 22 4/58 0.069 89 19/239 0.079
Other 15 4/41 0.097 11 0/33 0.000
Household equivalised income* (ranges in million Japanese yen)
Quartile 1 (0.88–1.57) 809 139/2216 0.063 1032 152/2887 0.053
Quartile 2 (1.58–2.46) 1118 129/3162 0.041 873 90/2494 0.036
Quartile 3 (2.47–3.17) 992 123/2806 0.044 729 66/2086 0.032
Quartile 4 (3.18–10.66) 1142 113/3272 0.035 978 124/2750 0.045
Mean (SD) 2.53 (1.35) 2.38 (1.46)
Educational attainment
9 years or less 2225 312/6233 0.050 2213 276/6240 0.044
10+ years 1804 188/5136 0.037 1364 150/3881 0.039
Medical care utilisation
None (no health
problems)
1198 89/3478 0.026 907 68/2630 0.026
Have health problems but
not have medical care by
patient choice
233 26/662 0.039 238 24/682 0.035
Have regular medical care 2505 375/6962 0.054 2314 324/6467 0.050
Smoking
Never 1104 136/3113 0.044 3317 388/9395 0.041
Ever 1900 243/5352 0.045 98 15/268 0.056
Current 944 107/2678 0.040 82 18/223 0.081
Alcohol consumption
None 1674 286/4588 0.062 3104 392/8745 0.045
Drink 35 g/day of alcohol
or less
1976 180/5685 0.032 446 31/1296 0.024
Drink .35 g alcohol/day 364 30/1054 0.028 7 2/19 0.104
Health check-up
Yes: in last 2–3 years 2685 251/7695 0.033 2472 224/7114 0.031
Yes: 4+ years ago 597 111/1630 0.068 333 43/939 0.046
Never 684 117/1884 0.062 699 152/1850 0.082
Relative deprivation defined by geographical area (municipality) of residence (ranges 61000)
Quartile 1 (0–284) 1039 99/2980 0.033 871 114/2437 0.047
Quartile 2 (285–610) 1059 124/3014 0.041 835 75/2399 0.031
Quartile 3 (611–1055) 1090 135/3063 0.044 848 91/2415 0.038
Quartile 4 (1056–2579) 873 146/2400 0.061 1058 152/2965 0.051
Mean (SD) 702 (534) 813 (639)
Relative deprivation defined by age group (ranges 61000)
Quartile 1 (0–274) 1053 93/3035 0.031 916 112/2577 0.043
Quartile 2 (275–563) 1092 142/3076 0.046 788 79/2248 0.035
Quartile 3 (564–1023) 1042 116/2956 0.039 839 83/2403 0.035
Quartile 4 (1024–2370) 874 153/2389 0.064 1069 158/2989 0.053
Mean (SD) 705 (534) 818 (642)
Relative deprivation defined by educational attainment (ranges 61000)
Quartile 1 (0–292) 1007 105/2880 0.036 894 122/2490 0.049
Quartile 2 (293–631) 995 114/2828 0.040 786 67/2265 0.030
Quartile 3 (632–1031) 1149 131/3256 0.040 817 88/2334 0.038
Quartile 4 (1032–2706) 878 150/2405 0.062 1080 149/3031 0.049
Mean (SD) 696 (521) 789 (626)
*100 yen =US$0.95 in September 2008.
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lifestyle factors, the adjusted HRs were attenuated by 4–5% and
were not statistically significant (Model 2). In women, in
contrast, the multivariate models (Model 1) were statistically
significant only in the age model (HR=1.18, 95% CI 1.00 to
1.39, which was attenuated to statistical non-significance after
additional adjustment for lifestyle factors (Model 2). In terms of
absolute income, the crude HR (95% CI) per 1 SD increase was
0.84 (0.76 to 0.92) in men, and became non-significant in Model
1 ranging from 0.95 (0.82 to 1.10) to 0.98 (0.84 to 1.13). The
crude HR among women was 1.02 (0.93 to 1.12) and ranged
from 1.09 (0.92 to 1.28) to 1.14 (0.97 to 1.34) in Model 1.
Stratified analyses by median income showed a stronger
association between relative deprivation and incident disability
among high-income men compared with low-income men
(table 3). For example, the adjusted HRs (95% CI) per 1 SD
increase in the area model were 1.19 (1.04 to 1.36) and 1.89 (1.29
to 2.79) in the low- and high-income groups respectively.
Women showed no statistically significant HRs. Although the
stratified models could still have non-negligible confounding of
income, supplementary analysis stratified by tertiled income
showed that, among men, the HRs of relative deprivation were
consistently elevated with two exceptions in the middle-income
strata in age and age/sex models. However, these HRs were not
statistically significant, most probably because of the smaller
number of incident disability cases in each stratum
(Supplementary table).
In sensitivity analyses using alternative specifications of
income (table 4), the adjusted HRs per 1 SD increment of
relative deprivation (in the education model, adjusted for
income, demographic factors and medical care) were generally
higher than 1.13 whatever the specification of income variable
(table 4). The adjusted HRs by relative deprivation increased
across increasing quartiles. Variance inflation factors were the
lowest in the primary analysis (where both income and relative
deprivation were continuous).
DISCUSSION
Our 3-year prospective study is consistent with the relative
deprivation hypothesis in male though not in female Japanese
elderly. Our findings are consistent with studies from Nordic
countries and the United States, as well as our previous study in
Japan.
10–14 Eibner and Evans found the associations between
relative deprivation (measured by the Yitzhaki index) and
increased mortality, smoking and obesity in a cohort of over
500000 US working-aged men.
12 Another US study reported an
Table 2 Crude and adjusted hazard ratios (95% confidence intervals)
for incident functional disability per one standard deviation (SD) increase
in relative deprivation: the Aichi Gerontological Evaluation Study (AGES),
Aichi, Japan, 2003–2006
Reference group
defined by: Crude Model 1 Model 2
Men
Area 1.23 (1.13 to 1.33) 1.14 (1.00 to 1.30) 1.09 (0.95 to 1.24)
Age 1.26 (1.16 to 1.36) 1.14 (1.00 to 1.31) 1.09 (0.95 to 1.26)
Education 1.19 (1.10 to 1.30) 1.15 (1.01 to 1.31) 1.09 (0.96 to 1.25)
Area and sex 1.23 (1.14 to 1.33) 1.14 (1.00 to 1.30) 1.09 (0.95 to 1.25)
Age and sex 1.22 (1.13 to 1.33) 1.14 (1.00 to 1.31) 1.09 (0.95 to 1.25)
Education and sex 1.19 (1.10 to 1.29) 1.15 (1.01 to 1.31) 1.09 (0.96 to 1.25)
Area, sex and age 1.21 (1.12 to 1.32) 1.13 (0.99 to 1.29) 1.08 (0.94 to 1.23)
Area, sex and
education
1.19 (1.10 to 1.29) 1.14 (1.01 to 1.30) 1.09 (0.95 to 1.24)
Women
Area 1.07 (0.98 to 1.18) 1.12 (0.95 to 1.32) 1.07 (0.91 to 1.26)
Age 1.10 (1.01 to 1.21) 1.18 (1.00 to 1.39) 1.12 (0.95 to 1.33)
Education 1.07 (0.97 to 1.17) 1.16 (0.99 to 1.37) 1.11 (0.94 to 1.30)
Area and sex 1.07 (0.97 to 1.17) 1.11 (0.95 to 1.31) 1.06 (0.90 to 1.25)
Age and sex 1.14 (1.04 to 1.24) 1.18 (0.99 to 1.39) 1.12 (0.94 to 1.33)
Education and sex 1.07 (0.97 to 1.17) 1.16 (0.99 to 1.37) 1.11 (0.94 to 1.30)
Area, sex and age 1.12 (1.02 to 1.23) 1.11 (0.94 to 1.31) 1.06 (0.90 to 1.25)
Area, sex and
education
1.06 (0.97 to 1.16) 1.14 (0.97 to 1.33) 1.08 (0.92 to 1.27)
Model 1 is adjusted for age, income, marital status, medical care utilisation and
education. Model 2 is adjusted for the covariates in Model 1 plus smoking, alcohol
consumption and health check-up. Relative deprivations are calculated using
household equivalised income. Income as a covariate is not equivalised (in order to
minimise multicollinearity between relative deprivation and income).
Table 3 Adjusted hazard ratios* (95% confidence intervals) for incident functional disability per one standard deviation (SD) increase in relative
deprivation by high and low absolute incomes separated by median: the Aichi Gerontological Evaluation Study (AGES), Aichi, Japan, 2003–2006
(N=7673)
Reference group defined by:
Model 1 Model 2
Low income High income Low income High income
Men
Area 1.19 (1.04 to 1.36) 1.89 (1.29 to 2.79) 1.17 (1.02 to 1.33) 1.82 (1.24 to 2.68)
Age 1.21 (1.06 to 1.38) 1.76 (1.19 to 2.62) 1.19 (1.04 to 1.36) 1.71 (1.15 to 2.54)
Education 1.18 (1.04 to 1.35) 1.81 (1.25 to 2.63) 1.17 (1.02 to 1.33) 1.72 (1.19 to 2.50)
Area and sex 1.19 (1.04 to 1.36) 1.97 (1.32 to 2.95) 1.17 (1.02 to 1.34) 1.89 (1.26 to 2.83)
Age and sex 1.21 (1.06 to 1.38) 1.82 (1.19 to 2.76) 1.19 (1.04 to 1.36) 1.75 (1.15 to 2.66)
Education and sex 1.18 (1.04 to 1.35) 1.86 (1.26 to 2.72) 1.17 (1.02 to 1.33) 1.76 (1.20 to 2.58)
Area, sex and age 1.19 (1.04 to 1.36) 1.83 (1.23 to 2.71) 1.16 (1.02 to 1.33) 1.76 (1.19 to 2.62)
Area, sex and education 1.16 (1.02 to 1.32) 2.00 (1.38 to 2.89) 1.14 (1.00 to 1.30) 1.88 (1.30 to 2.72)
Women
Area 1.07 (0.92 to 1.24) 0.83 (0.48 to 1.41) 1.05 (0.90 to 1.23) 0.89 (0.52 to 1.51)
Age 1.12 (0.96 to 1.31) 0.76 (0.45 to 1.27) 1.11 (0.95 to 1.30) 0.82 (0.49 to 1.38)
Education 1.09 (0.94 to 1.28) 0.86 (0.52 to 1.43) 1.07 (0.92 to 1.25) 0.92 (0.55 to 1.52)
Area and sex 1.06 (0.91 to 1.24) 0.84 (0.50 to 1.39) 1.05 (0.90 to 1.22) 0.90 (0.54 to 1.48)
Age and sex 1.12 (0.96 to 1.32) 0.78 (0.49 to 1.25) 1.11 (0.94 to 1.30) 0.84 (0.53 to 1.35)
Education and sex 1.09 (0.94 to 1.28) 0.85 (0.52 to 1.39) 1.07 (0.92 to 1.25) 0.91 (0.56 to 1.48)
Area, sex and age 1.06 (0.91 to 1.23) 0.88 (0.56 to 1.40) 1.04 (0.89 to 1.22) 0.95 (0.60 to 1.50)
Area, sex and education 1.06 (0.91 to 1.23) 1.00 (0.62 to 1.61) 1.04 (0.89 to 1.21) 1.05 (0.66 to 1.68)
Model 1 is adjusted for age, marital status, medical care and education. Model 2 is adjusted for the covariates in Model 1 plus smoking, alcohol consumption and health check-up.
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health service utilisation.
13 We also found a significant cross-
sectional association between the Yitzhaki index and poor self-
rated health in a Japanese national sample.
14 A Swedish study
found an association between relative deprivation and poor self-
rated health using an alternative approach in the evaluation of
relative deprivation—to be relatively deprived was defined as
having an income below 70% of the mean income level in the
reference group.
10 Data from three Nordic countries showed
that the high relative income position in the country of
residence was strongly associated with lower odds of long-
standing illness.
11
On the other hand, recent studies in Britain only partially
support the relative deprivation hypothesis. Jones and Wildman
used 11-year panels from British Household Panel Survey and
reported mixed results across models using the Yitzhaki index.
16
Using the same sample, Lorgelly and Lindley also failed to
corroborate the hypothesis.
17 Gravelle and Sutton found very
weak association between relative deprivation and poor self-
assessed health among men in British General Household
Survey samples.
15 However, the study by Jones and Wildman
indicated a positive result when modelling with ordinary least
squares (OLS) but not in other approaches (ie, fixed-effect,
random-effect and Houseman–Taylor approaches).
16 Therefore,
the discrepancies among studies might be due to the differences
in modelling approaches including covariance adjustment and
hierarchical modelling.
Mental disorders (eg, depression) are important consequences
of psychological stress. Eibner and colleagues demonstrated a
significant link between relative deprivation and mental
disorder.
13 Many studies have reported that depression predicts
functional decline.
22 28–32 Increased psychosocial stress due to
relative deprivation may make older people vulnerable to
depression and subsequent disability. In the present study,
lifestyle factors in part explained the positive association
between relative deprivation and disability onset.
Psychological distress attributed to relative deprivation may
lead to maladaptive health behaviours, thereby leading to early
onset of functional disability.
We found no significant association between relative depriva-
tion and disability among women. As a potential explanation,
household income may not be a good measure capturing the
relative socioeconomic position of Japanese female elderly who
are likely to be economically inactive at this stage in the life
course and not the main earner in their households. That is,
income might not be an important gauge when people compare
themselves with others. Alternatively, our sample in women
could be more biased given the higher rate of missing data
among females.
The association between relative deprivation and incident
disability was stronger among men with higher incomes,
suggesting that the population is more sensitive to psychosocial
stress arising from invidious comparisons. The same pattern
was found in two studies in Nordic countries suggesting that
psychosocial mechanisms could be more important than
material mechanisms in a relatively egalitarian society (such
as Nordic countries and Japan) where equality is a common
value.
10 11 Because wealthier individuals do not suffer material
deprivation in such nations, psychosocial mechanisms may be
the primary pathway linking income inequality and health
Table 4 Sensitivity analysis by alternative specifications of relative deprivation and income: adjusted HRs (95% CI) for incident functional disability in
men: the Aichi Gerontological Evaluation Study (AGES), Aichi, Japan, 2003–2006
Variable specification (relative deprivation/income)
Continuous/continuous
(primary analysis) Continuous/quartile Quartile/continuous Quartile/quartile
HR (95% CI) VIF HR (95% CI) VIF HR (95% CI) VIF HR (95% CI) VIF
Relative deprivation defined by education
Continuous 1.15 (1.01 to 1.31) 2.66 1.13 (0.96 to 1.33) 4.14
Quartile 1 (least deprived) Reference Reference
Quartile 2 1.12 (0.78 to 1.59) 2.67 0.96 (0.68 to 1.34) 2.39
Quartile 3 1.27 (0.83 to 1.93) 4.27 1.10 (0.73 to 1.64) 4.06
Quartile 4 1.66 (1.02 to 2.72) 5.07 1.55 (0.94 to 2.54) 5.66
Absolute income 0.98 (0.84 to 1.13) 2.69
Continuous 1.01 (0.84 to 1.21) 3.95
Quartile 1 1.18 (0.70 to 2.00) 4.96 1.06 (0.63 to 1.80) 4.77
Quartile 2 1.11 (0.78 to 1.57) 2.85 1.08 (0.70 to 1.65) 3.83
Quartile 3 1.24 (0.96 to 1.60) 1.86 1.29 (0.93 to 1.79) 2.87
Quartile 4 (most affluent) Reference Reference
Relative deprivation defined by area of residence, sex and age
Continuous 1.13 (0.99 to 1.29) 2.70 1.10 (0.93 to 1.30) 4.47
Quartile 1 (least deprived) Reference Reference
Quartile 2 1.23 (0.88 to 1.71) 2.48 1.13 (0.82 to 1.54) 2.20
Quartile 3 1.29 (0.89 to 1.87) 3.43 1.20 (0.84 to 1.70) 3.15
Quartile 4 1.55 (0.99 to 2.42) 4.33 1.34 (0.86 to 2.08) 4.59
Absolute income
Continuous 0.95 (0.82 to 1.10) 2.59 0.97 (0.83 to 1.14) 3.16
Quartile 1 1.33 (0.79 to 2.23) 5.08 1.34 (0.84 to 2.13) 3.78
Quartile 2 1.17 (0.82 to 1.65) 2.82 1.13 (0.78 to 1.63) 3.03
Quartile 3 1.29 (1.00 to 1.67) 1.82 1.25 (0.93 to 1.66) 2.31
Quartile 4 (most affluent) Reference Reference
VIF, variance inflation factor; HR, hazard ratio; CI, confidence intervals. HRs of continuous variables are per one standard deviation increase. All models are adjusted for age, marital
status, medical care utilisation and education. Two models with the largest and smallest effect sizes of relative deprivation are selected for sensitivity analysis. VIFs higher than 10
are commonly considered to be problematic.
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study in the USA (where inequality is high) showing significant
association between relative deprivation and mortality.
12
This study has limitations. First, older individuals might
make comparisons that were not captured in this study, such as
with other people’s lifestyles portrayed in the national media.
Second, relative deprivation is collinear with income.
15
However, the consistent results in our sensitivity analysis
(table 4) support the validity of our primary results. Third, we
did not account for any temporal changes in time-varying
variables. For example, absolute income and relative deprivation
can change through the follow-up period, which could affect the
participants’ health. However, our study subjects’ incomes are
probably relatively stable, as pensions account for the majority
of their incomes. Fourth, relative deprivation may be a marker
of unobserved characteristics that predict both income (and
hence relative position in the income hierarchy) as well as
health status. Reverse causation is also possible, that is,
unhealthy people may become relatively poor in their reference
groups. Fifth, our endpoint could be biased. Because the
qualification process for obtaining LTC insurance benefit
requires voluntary application, individuals’ social support might
alter their personal decision to apply for the benefit. The
severity of functional disability (other than mortality cases) can
vary ranging from those requiring only partial care in activities
of daily living to being completely bedridden. Last, we did not
directly evaluate psychological health outcomes, which might
be a more direct test of the psychosocial impact of relative
deprivation.
In sum, the present study suggests that the psychosocial
effect of relative deprivation on incident disability in older ages
is independent of absolute income.
6 Our findings have potential
implications for disability prevention policies in that they
suggest going beyond focusing on disability prevention at the
individual level, and addressing broader issues of income
distribution in Japanese society.
Acknowledgements: The AGES project is supported financially by the Ministry of
Education, Culture, Sports, Science and Technology of Japan (Grants-in-Aid for
Scientific Research: 18390200). NK is a recipient of the fellowship grant in the Abe
Fellowship Program administered by the Social Science Research Council and the
American Council for Learned Societies in cooperation and with funds provided by the
Japan Foundation Center for Global Partnership and in part supported by Pfizer Health
Research Foundation on the present analysis. SVS is supported by the National
Institutes of Health Career Development Award (NHLBI 1 K25 HL081275). These
sponsors did not have any involvement in this study’s design, data collection, analysis,
data interpretation and writing. We thank Dr Toshiyuki Ojima, Dr Chiyoe Murata, Dr Kei
Suemori, Dr Yoshitaka Saito and Dr Yukinobu Ichida for their useful comments and
suggestions.
Funding: Ministry of Education, Culture, Sports, Science and Technology of Japan
(Grants-in-Aid for Scientific Research: 18390200); The Social Science Research
Council and the American Council for Learned Societies in cooperation and the Japan
Foundation Center for Global Partnership (Abe Fellowship Program to NK); Pfizer Health
Research Foundation; The National Institutes of Health (NHLBI 1 K25 HL081275 to
SVS).
Competing interests: None declared.
Ethics approval: The AGES protocol was approved by the ethics committee in
Research of Human Subjects at Nihon Fukushi University.
REFERENCES
1. McMunn A, Breeze E, Goodman A, et al. Social determinants of health in older age.
In: Marmot MG, Wilkinson RG, eds. Social determinants of health. New York: Oxford
University Press, 2006:267–96.
2. Ministry of Health, Labour, and Welfare. Long-term care insurance in Japan.
Tokyo: Ministry of Health, Labour, and Welfare, 2008. http://www.mhlw.go.jp/
english/topics/elderly/care/index.html (accessed 12 May 2008).
3. Ministry of Health, Labour, and Welfare. Overview of the long-term care system
reform: recent revision of the Long-term Care Insurance Act and reimbursement policy
(in Japanese). Tokyo: Ministry of Health, Labour, and Welfare, 2007.
4. Lynch J, Kaplan GA. Socioeconomic position. In: Berkman LF, Kawachi I, eds. Social
epidemiology. New York: Oxford University Press, 2000:13–35.
5. Wilkinson RG, Pickett KE. Income inequality and population health: a review and
explanation of the evidence. Soc Sci Med 2006;62:1768–84.
6. Subramanian SV, Kawachi I. Income inequality and health: what have we learned
so far? Epidemiol Rev 2004;26:78–91.
7. Wilkinson RG. Mind the gap: hierarchies, health, and human evolution. New Haven:
Yale University Press, 2001.
8. Wagstaff A, van Doorslaer E. Income inequality and health: what does the literature
tell us? Annu Rev Public Health 2000;21:543–67.
9. Festinger L. A theory of social comparison processes. Hum Rel 1954;7:117–40.
10. Yngwe MA ˚, Fritzell J, Lundberg O, et al. Exploring relative deprivation: is social
comparison a mechanism in the relation between income and health? Soc Sci Med
2003;57:1463–73.
11. Yngwe MA, Fritzell J, Burstrom B, et al. Comparison or consumption? Distinguishing
between different effects of income on health in Nordic welfare states. Soc Sci Med
2005;61:627–35.
12. Eibner C, Evans WN. Relative deprivation, poor health habits, and mortality. J Hum
Resour 2005;40:591–620.
13. Eibner C, Sturn R, Gresenz CR. Does relative deprivation predict the need for mental
health services? J Ment Health Policy Econ 2004;7:167–75.
14. Kondo N, Kawachi I, Subramanian SV, et al. Do social comparisons explain the
association between income inequality and health? Relative deprivation and perceived
health among male and female Japanese individuals. Soc Sci Med 2008;67:982–7.
15. Gravelle H, Sutton M. Income, relative income, and self-reported health in Britain
1979–2000. Health Econ 2009;18:125–45.
16. Jones AM, Wildman J. Health, income and relative deprivation: evidence from the
BHPS. J Health Econ 2008;27:308–24.
17. Lorgelly PK, Lindley J. What is the relationship between income inequality and
health? Evidence from the BHPS. Health Econ 2008;17:249–65.
18. Katz S, Downs TD, Cash HR, et al. Progress in development of the index of ADL.
Gerontologist 1970;10:20–30.
19. Kondo K, Yoshii K, Matsuda R, et al. Exploring ‘‘inequalities in health’’: a large-scale
social epidemiological survey for care prevention in Japan (in Japanese). Tokyo:
Igaku-Shoin Ltd, 2007.
20. Murata C, Kondo K, Hirai H, et al. Association between depression and socio-
economic status among community-dwelling elderly in Japan: the Aichi
Gerontological Evaluation Study (AGES). Health Place 2008;14:406–14.
21. Matsuda S, Yamamoto M. Long-term care insurance and integrated care for the
aged in Japan. Int J Integr Care 2001;1:e28.
22. Kondo N, Kazama M, Suzuki K, et al. Impact of mental health on daily living activities
of Japanese elderly. Prev Med 2008;46:457–62.
23. Kiriake Y, Shimomitsu T. A development of a calculation method for healthy life
expectancy based on the Long-term Care Insurance System. J Tokyo Med Univ
2004;62:36–43.
24. Parker RN, Fenwick R. The Pareto curve and its utility for open-ended income
distribution in survey research. Soc Forces 1983;61:872–85.
25. Yitzhaki S. Relative deprivation and the Gini coefficient. QJ Econ 1979;93:321–4.
26. Runciman WG. Relative deprivation and social justice: a study of attitudes to social
inequality in twentieth-century England. Berkeley: University of California Press, 1966.
What is already known on this subject
Although income inequality is hypothesised to be a threat to
population health, few studies have addressed the mechanisms
through which income inequality adversely affects population
health. Relative deprivation is one such pathway.
What this study adds
c Using a large prospective database, this study suggests that
relative deprivation in income is associated with incident
functional disability independent of absolute income among
older Japanese men but not among women. Lifestyle factors
in part explained men’s excess risk for disability according to
relative deprivation.
c Men with higher income may be more vulnerable to relative
deprivation than those with lower income in Japan.
c The potential implication of this study is that disability
prevention should go beyond the individual level and address
broader issues of income distribution in Japanese society.
Research report
466 J Epidemiol Community Health 2009;63:461–467. doi:10.1136/jech.2008.07864227. Berkman L, Glass T. Social integration, social networks, social support, and health.
In: Berkman L, Kawachi I, eds. Social epidemiology. New York: Oxford University
Press, 2000:137–73.
28. Dunlop DD, Manheim LM, Song J, et al. Incidence of disability among preretirement
adults: the impact of depression. Am J Public Health 2005;95:2003–8.
29. Jiang J, Tang Z, Futatsuka M, et al. Exploring the influence of depressive symptoms
on physical disability: a cohort study of elderly in Beijing, China. Qual Life Res
2004;13:1337–46.
30. Penninx BW, Leveille S, Ferrucci L, et al. Exploring the effect of depression on
physical disability: longitudinal evidence from the established populations for
epidemiologic studies of the elderly. Am J Public Health 1999;89:1346–52.
31. Tas U, Verhagen AP, Bierma-Zeinstra SM, et al. Incidence and risk factors of
disability in the elderly: the Rotterdam Study. Prev Med 2006;44:272–8.
32. Fujiwara Y, Shinkai S, Kumagai S, et al. Longitudinal changes in higher-level
functional capacity of an older population living in a Japanese urban community. Arch
Gerontol Geriatr 2003;36:141–53.
Research report
J Epidemiol Community Health 2009;63:461–467. doi:10.1136/jech.2008.078642 467